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PREFACE 
This r e p o r t  summar izes  an analyt ical  study of Saturn IB launch 
support  operations conducted by Computer Applications Incorporated fo r  
the National Aeronautics and Space Administration, Kennedy Space Center,  
Flor ida,  under Contract  NAS10-6170. The work  reported here in  was  
performed during the period 1 December I968 to 1 Februa ry  1970. 
The objectives of the study w e r e  to  develop a listing of support  
beequipment exhibiting highest  probability of contributing to launch d elays 
and provide recommendat ions for  improving'launch control,  i. e , ,  the ability 
to launch -in - window. F o r  this purpose ,  an analytical  model  was developed 
and a computer  p r o g r a m  was wri t ten to pe r fo rm the necessa ry  computation. 
Operational d a t a  concerning the countdown activit ies and the associated 
support. equipment was  introduced to provide a representat ive simulation, 
Exerc ise  of the model  resulted in an overa l l  evaluation of launch support  
availability and identified the principa-1 fac tors  contributing to launch delays,  
The final r e p o r t  is presented in three volumes: 
VOLUME I EXECUTIVE SUMMARY 
VOLUME I1 FINAL STUDY REPORT 
VOLUME III USER'S MANUAL 
Volume I surnrnarizes the m o r e  significant e lements  of the study. 
Included in this volume a re  the pr incipal  resu l t s ,  the bas i s  of the analysis  
and recommendations for improving launch control.  Areas  of analysis, 
where  fur ther  efforts would be des i rab le ,  a r e  a l so  delineated, Volume I1 
documents the total  study ef for t  in d e t a i l .  Volume I11 presents ,  for  the 
potential u s e r ,  the fundamentals of the availability mathematical  model  and 
computer  p rogram,  ...- 
Mr,  Wallace H. Boggs, Design Engineering, Future  Studies Office, 
provided technical and management  guidance in serving as COR for  NASA-KSC. 
Major contributions to the repor t  w e r e  made by the following members of 
Computer Applications Incorporated: 5. B. Allen, W,  H. Armistead, B. L, Brown, 
C. H. Carlson, D. 5. Dunn, W. F. Keith, Jr, , J. L. Kilkenny, M, J. Seebacli and 
S .  W. Solley, 
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9 1 ... INTRODUCTION 
f This report documents a study of Saturn 13 launch control and 
its dependence on launch facilities, support equipment and associated 
procedures. Intended to provide planning criteria for Apollo Applica- 
tions Program prelaunch mission support the study focuses on the 
current capability o f  responding to A A P  launch window constraints.l 
Launch support availability i s  established on a quantitative basis, and 
equipment systems which contribute to  launch delay a r e  identified. 
Possible methods of improving launch control a r e  designated. The 
results and analyses of this report are  submitted in accordance with 
the requirements of Contract NAS10-6170. 
1, a STUDY OBJECTIVES 
The underlying purpose of the study is to determine the best  
means for preventing launch delays due to problems in ground .support 
equipment, launch facilities o r  associated procedures. To this end, 
the general study objective i s  to determine the probability of a launch 
delay and evaluate its constituents. A listing of support equipment, 
ranked according to their relative contribution to launch delays, and 
recommendations for improving launch support availability a r e  specific 
objectives of th.e s tudy.  A subordinate objective i s  to develop the eval- 
uation procedure in a manner that permits rapid assessment of launch 
availability so  that it may be of use in future planning and design studies. 
The objectives are summarized in the following list: 
EVALUATE ABILITY TO SUPPORT A A P  LAUNCH WINDOWS 
PROVIDE MEASURE O F  LAUNCH SUPPORT AVAILABILITY 
DEVELOP AN AVAILABILITY BASELINE LISTING 
DEVELOP A MODEL O F  SUPPORT OPERATIONS AND EQUIPMENT - 
DOCUMENT MODEL AND COMPUTER PROGRAM FOR USERS 
RECOMMEND,< LAUNCH CONTROL IMPROVEMENTS 
1.2 STUDY SCOPEfGUIDELINES 
As par t  of this study, an analysis of all of the KSC based launch 
support activities during the final 14 hours and 15 minutes of the count- 
down is  made. Launch facility equipment and support equipment that is 
associated with the Saturn IB vehicle stages and the Apollo spacecraft 
a r e  considered in tlie evaluation of launch delays. The analysis is per- 
formed at the subsystems configuration level. Mission Rules and the 
Countdown Procedures applicable to Apollo/Saturn 205, launched from 
Launch Complex 34, a r e  used a s  the baseline reference in the analysis. 
This launch availability analysis i s  limited to ground equipment 
considerations, 
and a r e  of interest only to the extent of placing requirements on facili- 
ties o r  support equipment. Consequently, the launch probability values 
developed in this study a r e  indicative of only the ground support's role 
in launch readiness. Weather, flight vehicle equipment and portions of 
the downrange system, a s  additional potential causes of launch delay, 
must subsequently be considered i f  a proper and complete assessment I 
of launch probability is to be made. 
Flight vehicle systems a r e  not a part  of the analysis 
The following items served. a s  guid.elines in the cond.uct of this 
s tud.y: 
The baseline mission would. be d.epend.ent on A A P  requirements 
Q Emphasis to be placed. on S-IB/CSM configuration and. LC 34 
(B The GSE systems would. be those used. for Apollo/Sat-urn 205 
Q Only launch support equipment to be consid.ered 
Q' A l1systernsl1 o r  I1top-d.own1' approach to be taken 
Emphasis to  be placed. on the terminal portion of the countdown 
The launch preparation period. to be treated by  using a modular 
time concept, starting at launch and working backwards in time 
Maximum use of previous studies and other related. analyses 
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-2- SIGNIFICANT RESULTS 
The major results derived in this study indicate compliance 
with the basic study objectives, The principal results a r e  s u m a r -  
ized. in the following list: 
MODEL O F  LAUNCH SUPPORT OPERATIONS 
COMPUTER PROGRAM 
USER'S MANUAL DOCUMENTING MODEL & PROGRAM 
LAUNCH EQUIPMENT AVAILABILITY MEASURED 
EQUIPMENT BASELINE LISTING 
EVALUATION O F  COUNTDOWN PERIOD DELAYS 
DOCUMENTED INPUT DERIVATIONS 
RECOMMENDATIONS 
The results of this study may be classified into two sets, The 
This type of result is possibly the more interesting since 
first  was required to  satisfy study objectives and is an end product of 
the study. 
i t  exhibits unique information, 
metric relationships and the support equipment baseline listing are 
examples of this type of result. 
fallout of the study. 
sites for subsequent tasks. In general, their contents supplement exist- 
ing information by collecting, combining, and correlating the 
existing data. 
ment reliability analysis, performed. as part  of this study, exemplify 
the latter type of result, Both types of results a r e  described in the 
following listing of significant findings. 
Launch probability assessments, para- 
The other set  of results i s  basically a 
Such results were generated to satisfy input requi- 
The launch support configuration analysis and the equip; 
Availability Mathematical Mod el  
down has been d.eveloped. Theprincipal means of accomplishing the 
objectives, and possibly the most significant result of the study, is due 
to the succesful development of a mathematical model that i s  represen- 
tative of the launch countdown 
A mathematical. model of the operational activities of a count- 
activity and yields an assessment1 of 
3 
launch support availability. It has been instrumental in die accom- 
plishments of this study. The model associates, .in each par t  of the 
countdowno all of the factors that may cause delay and combines them 
to yield a statistical distribution of launch delay. 
Analysis of the launch support operations indicates that the 
countdown is an organized sequenced of supporting activities o r  func- 
tions that, in most instances, a r e  performed concurrently with other 
support functions. 
i ts  rules shows that during the countdown period between T-14 hours 
and T-0, unscheduled holds, i f  necessary, may be called a t  discrete, 
convenient lioldpoints. Equipment failures occurring during the period 
between these holdpoints a r e  to  be repaired, i f  possible, in parallel 
with normal functions, but when the count reaches the holdpoint, a 
hold i s  called if certain activities a r e  incomplete. 
a r e  defined for the AS 205 countdown period after T-14 hours. Each 
holdpoint governs a see of functions that nominally operate during the 
preceeding timeframes. Consequently, functions o r  activities may be 
considered a s  subsets of kimeframes; and timeframes a s  subsets of the 
countdown. 
Further analysis of the countdown activities and 
Thirteen holdpoints 
Detailed examination of the launch support operations indicate 
each countdown function is performed by a set  of support equipments. 
A relationship between operational requirements and hardware charac- 
teristics thereby becomes apparent. It i s  this relationship which sug- 
gests the feasibility of modeling t he  support operations as it forms a 
basis for associating launch support probability with support equipment. 
Given that the probability of delay due to equipment failure and 
its repair time can be determined, a delay to  a function, comprising 
a set  of equipments, can a l so  be determined. In turn, the probability 
of delay at each holdpoint can be  evaluated. It then remains, only to 
statistically combine thcse delay times and probabilities, a t  all hold- 
points, to establish the' probability condition at launch time, 
Computer Program 
The availability model has been made available a s  a FORTRAN 
computer program. The flexibility designed into this computer pro- 
grain permits convenient evaluation of a l l  of the dependent parameters 
affecting launch support. Documentation necessary for the use of the 
model and computer program has been d.eveloped. in the form of a 
U s  e$ s Manual. ' 
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The computational requirement imposed by the model necessi- 
ta ted  the development of a computer program to perform the calcula- 
tions. The program requires that the analyst define: (1) each support 
equipment in terms of i ts  failure rate and repair time, (2) each function 
or activity in terms of its constituent equipment, operating time and * 
placement with respect to its governing holdpoint, (3) the interrelations 
among functions, (4) the  sequence of haldpoints and the placement of 
scheduled. holds, and (5) the size of the launch window. Given this input, 
the program outputs the probability of launch within each window, 
If the analyst desires to evaluate the effect upon launch availabil- 
i t y  of changes in  equipment reliability o r  maintainability, rescheduling 
of countdown activities, or  the placement o r  length of scheduled holds, 
the computer program i s  designed to  do so  with minimum effort on his 
part. When such sensitivity runs a r e  made, the computer program out- 
puts the change in launch availability between the nominal parameter 
se t  and the modified parameter set  for each launch window. 
are available to permit the printing of any portion of the computation 
that the analyst may wish to examine. 
Output options 
The computer program has been entirely coded in the FORTRAN 
IV programming language; hence, it can be run with no o r  minimal mod- 
ification on most large computer systems. The program requires about 
170K bytes of memory storage and a single complete computation of 
launch availability takes about 4 minutes on an IBM 360/50 computer. 
Complete information fox operating t he  computer program has been pro-  
vided by the d.evelopment of a Computer Program User’s Manual. This 
documentation contains definitions of the basic math routines, the con- 
t rol  procedures, means of accornmodating and handling inputs and defi- 
nition of the FORTRAN calls. It also contains descriptive information 
necessary for understanding the availability model. 
->.a 7 1 ._ 
Launch Availability Measurement 
support probability to be 0.769 for the launch-on-time case. The com- 
plete d a t a  identifies the probability of launch within any given window. A 
plot.of this data, shown in Figure 2-1, presents launch probability as  a 
€unction of launch window. Probability i s  shown to improve with extended 
launch windows due to the additional time available to affect equipment 
repairs;  however, little improvement i s  exhibited for any window less 
than 30 minutes, 
The basic d.ata derived from the computer program defines launch 
This d.ata, taken d i r ec t ly  from the computer program printout, 
represents the essence of the study results, for included. in these values 
5 
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LAUNCH WINDOW (hours) 
i s  an accounting of all of the interrelated factors that may contribute 
to launch delay i. e . ,  countdown activities, their duration, nominal 
operating times and slack times, support equipment requirements, 
their reliability and repair time characteristics, scheduled and un- 
scheduled holds and launch window size, 
The A A P  mission requirements d.efine the launch window for 
the AAP/CSM configuration to be five iminutes. From Figure 2-1, the 
probability of launch within such a wind.ow i s  0,774, only slightly d i f -  
fercnt from the launch-on-time case. Hence, conclusions based upon 
the on-time case a r e  generally applicable to the AAP/CSM mission. 
. .  Availability Baseline Listing 
objectives, the computer program was exercised to determine the con- 
1;ribution that each launch support equipment individually made to the 
- 
A s  a par t  of this analysis and to satisfy one of the major study 
6 
probability of launch delay, The principal means by which. the sensitiv- 
i ty  analysis was conducted consisted of assuming an individual equip- 
ment to perform perfectly and then determine launch probability con- 
sidering everything else to.be normal. Then by comparing that value 
with the launch probability value computed in the nominal case, the 
difference represents fhe delta probability due to  the equipment in 
question. By repeating this procedure for  each equipment, the rela- 
tive delta probabilities may then be used a s  the cri teria for  ranking, 
The results of this sensitivity analysis provided the data to  es-  
tablish an availability bas eline which ranks the equipments in descend- 
ing order of their contribution to launch delay. The analysis was com- 
pleted for  the launch-on-time .. case a s  well as for several  other windows. 
A complete listing of approximately 300 support systems and subsystems 
ranked in order  of each equipment's contribution (ZIP), to  the probability 
Figure 2-2 shows the f i r s t  20 equipments 
that contribute most to the probability of launch delay fo r  two different 
launch windows. It is interesting to note that the order  in which the 
equipments appear changes with different launch windows. Such analysis 
clearly demonstrates that the interaction among the parameters of launch 
window, failure rate, repair  time and slack time must be a c c o m o d s t e d  
in determining equipment availability rankings. 
'of launch delay was d.eveloped. 
+Figure 2-2 EQUIPMENT BASELINE lJISTING 
1' 622 
2 1664 
3 1660 
4 1622 
5 341 
6 342 
7 99 
8 -1181 
9 292 
LO 746 
L1 244 
12 245 
13 96 
14 627 
L5 745 
16 261 
17 262 
l.8 747 
t9 87 
!O ,340 
Name 
Servic.e Structure: Jacks 
AGCS Computer ( l l O A )  
LCC Computer ( l l O A )  
DEE-6:  Computer (920) 
ECS: Control Unit (ECU) 
ECS: ECU Heaters 
Battery Rack & Cont. Panel 
60 Hz Pwr. Ind. Substation 
GN2: Valve Panel #5 
PTCS: LOX 
LOX: Fill & Drain (S-IB) 
LOX: Fill & Drain (S-IVB) 
D is connect Set 
Serv. Struct. : Silo Gates 
LHZ: Fill & Drain 
LH2: Valve Control Complex 
Ext. Signal Cond. Unit 
ECS: Cooling Tower 
PTCS: R P y 1  
PTCS: LH2 PTC 
No. Name 
622 Service structure:  Jacks 
341 ECS: Control Unit 
342 ECS:'ECU Heaters 
292 GN2: Valve Panel #5 
746 PTCS: LOX 
244 LOX: Fill & Drain 
245 LOX: Fill & Drain (S-IVB) 
627 Serv. Struct. : Silo Gates 
1 
96 Disconnect Set 
99 Battery Rack Br Control Panel 
745 PTCS: R P - I  
261 LH2: Fill & Drain 
262 LH2: Valve Control Complex 
747 PTCS: LHz ' 
340 ECS: Cooling Tower 
326 He: S-IVB Pneu, Console #43 
293 GNZ: Valve Panel ##lo 
241 LOX: Fill & Drain  (S-IB) 
242 LOX: Fill & Drain  (S-IVB) 
23 Water System 
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Evaluation of fhe Countdown Period 
I ,.. 
I 
i 
I 
I ‘ .  
I 
I 
I 
1 
I 
Analysis of the final fourteen hours of t he  countdown period 
aided in evaluating the constiuents of launch delay and determine; their 
sensitivity. The various options available in  applying the computer 
program to such problems provided for  these evaluations. An exam- 
ination of the countdown period, together with illustrations of the pro- 
gram’s utility a r e  presented in the iollowing paragraphs. 
Contribution to Launch Delay by Tirneframes 
Analysis of the reference AS205 countdown reveals 13 dif- 
ferent, time periods that a r e  distinguishable by the placement of 13dif- 
ferent “convenient” holdpoints. It is possible to extract from the 
f i n a l  computer analysis, the probability of delay f o r  each timeframe. 
Then by comparing each timeframe, an evaluation can be made of which 
periods during the countdown a r e  most troublesome. Figure 2 - 3  presents 
the--pesults of such a comparison. 
Figure 2-3  TIMEFRAME CONTRIBUTION TO LAUNCH DELAY 
/-Cumulative ‘‘1
TIMEFRA MES 
Timeframe 6 is obviously the most likely to be delayed and 
, 1 1 ~ x 1 ~ 0 ,  C ~ U S O  a dolay at the S C I ~ C ~ U ~ C ~  launch tima. Ti i -nof rs imo~ 1 3  am? 
10 also appear a B  poasib1.c clclay pcriocls; liowcvcr, tiimefrsmes 10, 11, 12, 
and 1 3  occur pr ior  to the s i x  hour scheduled hold and most of their delays 
can be absorbed by it and launch-on-time considerations a r e  only slightly 
alfectcd. Because the built-in hold ciiher reduces o r  eliminates timeframe 
d.elays for all of the operating periods that prececd it, oiily a composite 
of tho  precocding tiinefrarnos should bc compared with subsequent timeirames. 
. 
8 
The probability of dclay at launch, clue to the combined cfiect of timefraines 
10  through 13 is 0.961 when the six hour built-in hold is scheduled. 
-low probability of 
little improvement need be made in these Periods. 
Thc 
delay exhibited in timeframes 1,2, 3 and 4, suggest 
Contribution to  Launch Delay by Function 
Jus t  as  the  countdomi may be segmented into timeframes 
for purposes of determining troublesome operating periods, so  may the 
timeframe be analyzed to uncover the countdown functions that are likely 
to cause timeframe delays, A simple modification to the computer pro- 
gram provides such an analysis @ Examination of each individual activity 
may be made to evaluate its contribution to launch delay and prime can- 
didates for rescheduling considerations may be established. 
b 
Probability of Being on Schedule 
, 
Another result  of the countdown evaluation is presented. in 
Figure 2-4,  The probability of being on schedule is indicated for various 
times in the  countdown after T-14:15, assuming an  on-time coiiditioii at 
that point. It is seen that the likelihood of keeping on schedule steadily 
declines from the assumed starting-point until reaching t h e  scheduled 
hold at T-6 hours. 
of the previous delays that may have occurred. Consequently, tlie prob- 
ability of being on schedule is improved to 0.961. Preparational activities, 
required during the scheduled hold, subsequently reduce this probability 
value to 0. 955 at the end of the hold period. Af t e r  that point, the probabil- 
The built-in hold then can be expected to absorb most 
ity again decays until at T - 0 ,  a value of 0 ,769  is applicable. 
Figure 2-4 PROBABILITY O F  LAUNCH SUPPORT VS, SCHEDULZ 
78 
76 ivities) 
74 
72 
1 4 1 3  1 2 1 1 1 0  9 6 7 6 5 4 3 2 1 0  
HOURS BEFORE LAUNCH 
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A related consideration is also presented in Rgure  2-4. How- 
ever for this case, it i s  assumed that an on-schedule condition exists 
a t  various points in the countdown and the probability of succesfully 
performing the remaining supporting activities without causing a launch 
delay is evaluated, "lie plot of this curve answers the question, "given 
that t h e  countdown i s  on-time now, what is the probability that the 
launch will  be on timc? 
hold i s  illustrated. Bofh cases shown in n g u r e  2-4  a r e  calculated f o r  
the launch-on-time case and a re  close approximations for  the AAP/CSM 
mission. 
Again tho influence o€ the e i x  hour built-in 
Parametric A n d v i ?  of Scheduled Holds 
Many investigators, as  well as the authors, have concluded 
that the judicious use of scheduled holds in the countdown i s  an effective 
means of improving launch control. The six hour built-in hold scheduled 
at T-6 hours in the reference AS205 countdown i s  a prime example of 
the effectiveness of planned hold periods. In this study, an analysis was . 
made to determine the advantages of provisioning additional scheduled 
holds in the countdown. 
Figure 2- 5 presents some parametric information relating 
hold duration, hold placement and launch probability, assuming one ad- 
ditional scheduled hold i s  included in fhe planned operations. The data 
shown is applicable to tihe case where the launch window i s  30 d n u t e s .  
Figure 2-5 EFFECT O F  ADDITIONAL SCHEDULED HOLD 
* 92 
' 90 
,, 88 
. 8 6  
.84 
82 
. \80 
. 7 8  
I 
9 8 7 6 5 4 3 2 1 
HOLDPOINTS 
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'Xt i s  seen that holdpoint 6 ( T-0:40 ) is an effective location for an 
additional scheduled hold, Some improvement is also seen when a 
hold i s  scheduled a t  holdpoint 5 ( T-0:14:30 However, little benefit 
is  seen in placing a hold later in the count, independent of the imprac- 
ticality of such a procedure. This type of data permits the analyst to  
evaluate the relative advantages of additional planned holds; ox compare 
one hold at a certain plnccment in tlic count with a di€fforcn.t: hold durac  
tion at another point in t h e  countclown, 
While it i s  evident fhat the'launch probability improves 
as a function of increasing hold duration, it is  recognized that prac- 
tical considerations pl?..,ce limits on the length of a scheduled hold. 
Figure 2-6 presents s c ? ~ - ' 5  of the results of an investigation concern- 
ing hold duration. These ra:ults indicate that the benefits to be gained 
by extending the hold duration a r e  influenced by  the size of the launch 
window. For  the zero window , there appears to be an almost linear 
improvement in  launch probability as a function of hold duration. For  
the the 30 minute window, a one hour hold appears very effective. Sim- 
ilarly, a hour hold for the one hour launch window appears beneficial. 
These results a r e  applicable only when considering an additional hold 
placed a t  holdpoint 6 ( 3 -0040  
"1 
i.84 
0 
i 
Figure 2-6  
.5 .' 1.0 
HOLD DURATION (HOURS) 
EFFECT O F  HOLD DURATlON 
1.5 
A T  T-0:40:0 
2.0 
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Support Equipment Characteristics 
To provide the necessary input data for, determining launch 
availability, failure ra te  and repair time estimates for  each item of 
support equipment was compiled. Almost 80 systems and approxi- 
mately 320 subsystems were examined a s  potential support equipments 
required during the final 14 hours of the. countdown, Exponential fa i lure  . 
rates and discrete re$air times were  determined f o r  each of these equip- 
inents. These estimates were based on the composite data that was 
available i n  such forms as contractor reports on quantitative and 
qualitative reliability analyses and UCR analyses. More &an 400 
related documents were reviewed during this study t o  uncover appli- 
cable data concerning launch support equipment characteris tics and 
the countdown operations. 
Impr ovenlent Recommendations 
Possible methods of improving launch control have been deter- 
mined and a r e  submitted fo r  consideration. The recornmendations 
concern both support equipment and certain operational modifications to 
procedures, Suggestions for additional analytical efforts have been 
developed. 
Recommendations leading to launch probability improvement 
a r e  of two types: (1) possible changes that directly affect launch oper- 
ations, i. e.  , procedures and equipment, which could provide immediate 
improvement, and (2) other suggestions designed to  indirectly improve 
the launch control activities by strengthening the procedural methods 
now employed, which may be expected to  provide only long t e r m  bene- 
fits, The latter type may be presumptuous to  the extent that such rec- 
ommendations a r e  biased to only reflect the interests developed through 
this study. Their relative worth and &e  overall impact on the KSC 
program remains t o  be determined by others. The specifics applicable 
to  a13 of the recommendations a r e  presented in  Volume II. In summary 
the recommendations include: 
Launch Operations 
Include an additional one hour hold a t  T- 0:40 
Use the model for rescheduling considerations 
Support Equipment 
0 Repetitive failures indicated from UCR analysis 
* Reasonable improvement in equipment repair times 
.will be effectivcin only a few cases 
Support Equipment (continued ) 
., Use baseline listing to set priorities regarding 
tentative modifications 
e Procedural 
0 
* 
Extend and improve the UCR System 
Upgrade Criticality Analysis Standard (KSC-STD 122) 
* Document procedural alternatives that a r e  now used 
for  responding to  contingencies in the countdown 
Analytical Activities 
* &tend availability analysis to include Flight Vehicle 
* U s e  model and program in other space programs 
,Analyze related data for establishing confidence 
Provide f o r  automatic coding 
- 3 . -  BASIS O F  ANALYSIS 
The key to the mefAodology followed in the performance of this 
study was dependent on the development of a model that would realisti- 
cally reflect the rules and &e nominal operations of a Saturn IB count- 
down procedure. By designing the model in such a way a s  to  cause it 
to relate launch-in-window probabilities with equipment performance 
characteristics, it was concluded that study objectives could be best 
obtained. With such a plan, i t  was possible to anticipate that the ex- 
pected results of the study would insure satisfaction of the objectives, 
especially in the following areas:  
1. 
2. 
3, 
Results of the evaluation would be of a quantitative nature. 
Consequently, an answer could be given to the question: 
What: i s  the Drobabilitv of launch wifhin window of the 
-. . 
Saturn IB d.ue to GSE and facility considerations? 
The fundamental elements of the analysis would be support 
equipment items, which i s  an a rea  where it i s  practical 
to consider changes o r  modifications a s  a means of im- 
proving launch-in-window probability. 
Sensitivity analyses of the relative contribution, by each 
support equipment to probability of launch could be con- 
ducted. Thus, an equipment availability bas eline could 
be generated. 
4. The scope of the study could be controlled, This control 
to be achieved by performing the analysis in an iterative 
maimer, with succes sive itcrarions considering over 
h e r  details of the system and t he  launch operations as 
the study progressed. 
, .  
comprised three parallel a reas  of activity, followed by a period where 
results were obtained, conclusions drawn and potential modifications. 
considered, 
the approach. 
The basic approach followed in the performance of each iteration 
F’igure 3-1  i s  a representation of a flow diagram describing 
Figure 3-1 STUDY APPROACH 
Math ema t ic a 1 1st Iteration: Systems 
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Of critical importance in  the evaluation 08 launch availability 
is the acquisition of representative information pertaining to  the launch 
0pera'c:rms support equipment, The results of this report have been 
influew.eA to a great extent by the documentation that was available 
and rekted to  f ie  problem. One of the primary tasks, and the task 
requiring the most expenditure of effort, coizsisted of documentation 
review and analysis for the purpose of acquiring launch procedure 
familk r ization and acquiring support equipment performance data. 
c Reviews of related availability studies and o.$her launch systems, es- 
pecialfy Saturn V, were made early in the study and'were undoubtably 
influex,Lkal in the derivation of the model. 
u 
The  principal governing document, of use in this study, was 
K-IB-02.10/5 "Apollo/Saturn IB Launch Mission Rules1!, which es-  
tab1ishc:s the framework to which the .launch operational procedures 
must Co-nform, The mission rules, together with fhe countdown doc- 
uments, TCP-1-20048, for the launch vehicle, and, K-0033/0007AY fo r  
the spxecraf t ,  provided the reference on which the model was based. 
Over 4410 documents were reviewed and analyzed in the development of 
input &,,fa for the model. The bulk of this data was extracted from the 
type O f  reports identified in fie following list: 
0 
0 
0 
Test  and Checkout Procedures 
Oper ati oiia 1 R eadine s s Rep0 r t s 
Operational System Handbooks 
System Specifications and Drawings 
Contractor Reliability and Maintainability Analyses 
' Predictions 
Assessments 
' FMEA's 
' Criticality Analysis 
Single Failure Point Potentials 
1. . 
Technical Manuals - Operational and Maintenance 
UCR's 
Countdown Logs 
3 . 2  OPERATIONS ANALYSIS 
The initial step in performing the operations analysis i s  to  identify 
a l l  of {,.lie individual functions necessary to validate vehicle launch readi- 
ness, The principal reference source for such information is found in  the 
Lv and S / C  countdown documents, Each entry in t h e  countdown document 
Can initially be treated a s  a function. Subsequent refinement of this pro- 
C w 8  # by combining related items into a more generalized activity or by 
15 
n 
No. 
48 
53 
60 
61 
62 
63 
64 
65 
66 
67 
69 
-
analyzing and segmenting an item into subsets, can then be performed. 
Criteria for combining or reducing the listing of the countdown documents 
i s  principally acquired as a result  of engineering investigations into the 
purpose and ef€ect of each activity. During the final 14 hours and 15 min- 
utes of the  countdown, approximately 1300 entries within the LV countdqwn 
document and 400 entries in the S/C countdown are  applicable. These en- 
tr ies can be synthesized into more than 260 countdown functions or  activi- 
ties for the terminal countdown period. A typical listing of these functions 
is presented in  Figure 3-2, together with a summary of the operating char- 
acteristics needed to describe them. Included a r e  each function's sched- 
uled s ta r t  and finish times, expressed in count time. The function's oper- 
ating duration is designated in hour units. Functional interrelations are 
summarized by identifying with each activity, the subsequent activity 
which is dependent on it. The holdpoints associated with each activity are 
listed €or both the nominally scheduled and the functionally-necessary 
condition. When an activity i s  scheduled to  operate during more than 
one timeframe, each holdpoint is identified. Maximtlm slack time values 
a r e  associated with each function and are presented in units of hours. The 
information typified by Figure 3 - 2 ,  was developed for every countdown 
activity and provides a summary of the countdown operations; all of i ts  
dab  is used as input to 4%e computer program for rno:d.eling launch support 
availability. 
Figure 3-2 CBARACTERLSTICS O F  COUNTDOWN ACTNXTIES 
EDS ready Check. 
RP-1  Sense Valve Open 
RP-1 System Preps. 
LOX Sense Valve Open 
LOX System Preps.  
LII2 Systcm P r e p s ,  
L T I z  Storage Tank 
Xelated 
Functions 
1 
410 
413 
41 4 
42 2 
I-I o ld  poin t 
Nom 
13 
3 
9-2 
9 
9 
9 
9 
6 
9 
6 
I_ 
Max. 
11 
3 
9 - 4  
9 
6 
9 
3 
6'  
7 
6 
-Slack 
, 4 5 0  
0 
0 
2.73 
0 
2.73 
0 
,417 
0 
0 
0 1  
3 . 3  SUPPORT EQUIPMENT ANALYSIS 
In order to make an accurate determination of the launch support  
probability due t o  support equipment considerations, an investigation of 
each i tem of support equipment was necessary. Implementation of f i e  
launch-in-window probability model required three outputs from this 
analysis : ( 1 ) the association of each eqqipmeiit with applicable countdown 
activities, (2) t h e  determination of a failure rate for each equipment, and 
(3)  the determination of a repair time fo r  each equipment. The attainment 
of these outputs was accomplished by following the method depicted in 
Figure 3-3.  
Figure 3 - 3  SUPPORT EQUIPMENT ANA LYSIS 
1 ( '  
I 
I 
i 
I 
A Ctor t1i0 o l o l l i o ~ ~ h  of LJIO I . ~ L U I I C ~ ~  unpport R Y B ~ C J I Y ~  W O Y O  jtlciitjliwl, 
cadi part was rsvicwcd in detail in order to ilcterrnine i ts  purpose, re- 
quircd input and output, gcncrnl. operating modcs, cornponcnts, and its 
rc'lation to oLlior oquipimcnt clcincnts. 'I'his clcfinition waB accomplished 
by a dctailccl review and analysis of source documents which provided 
functional descriptions of the equipments. From t hese  descriptions and 
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from engineering analy-sis, functional reliability block diagrams were 
prepared for each lauiic5 support equipment. h i s  was done to  clarify 
the inter- and intra-operating relations existing among the elements of 
the launch support sys tem and among fhe components of each element. 
This portion of the analpis was requisite to  the subsequent tasks of 
associating launch support activities with the equipment on which each 
i s  dependent and for investigating equipment reliability and maintainability. 
. 
The association OX countdown activities with al l  of its required 
a 
support equipments is 2 necessary input to  the ava.ilability model. The 
process-of associating countdown activities with their constituent equip- 
ments consisted of reviewing the to ta l  systems list and checking off, one 
by one, the equi'pment &.at a r e  directly and/or indirectly required for 
the performance of that hnction. Even though an equipment may not be 
required in the direct  support of a function, it must be associated if i t  
supports another system which i s  required by the fxnction. Even when 
there a r e  no operating f i e s  with function-related equipment, an equip- 
ment must be associated with a function i f  i t s  repair procedures would 
cause the interruption of normal operations of a function-related equip- 
ment. The application of engineering judgement must ultimately estab- 
li'sh whether or not an activity may be performed, given that an equip- 
ment i s  not operating. 
The final portion of the support equipment analysis consists of 
associating with each equipment, a failure ra te  and a repair time. Data 
concerning system reliability o r  failure rates exist in a number of forms. 
First ,  there a r e  the quantitative type analysis, typified by the classical 
reliability prediction and assessment studies, performed by the contrac- 
tor responsible f o r  &at system. Secondly, there a r e  qualitative analyses, 
such a s  the single failure point studies and the failure effects analyses 
that, while not directly specifying a failure rate number, do provide some 
basis on which a quantitative measurement can be made. Finally, there 
i s  the field information, documented by the UCR System, that can indi- 
cate the actual number of fai1ures.tha.t have occurred on each system, 
There a r e  some advantages a s  well as some wealmesses associ- 
ated with extracting failure ra te  data f r o m  all three of these reliability 
evaluation forms. Of pr ime concern is  the fact that data on all equipment 
is unavailable in any one of the three forms. Consequently, to a r r ive  a t  
reliability measurements for  use in the launch availability model, a corn- 
binatioii of all three types of data has been used. In this way, the greatest 
number of systems were given substantiated values and all  available d a h  
rather than partial data, was used. The process for accommodating 
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redundant and sometimes conflicting information found in tliese three 
sources of equipment data i s  detailed in Volume XI.  In summary, the 
procedure compromises redundant data and uses data that i s  available 
to extrapolate failure ra te  and repair time estimates for  equipments 
in which insufficient data is  available. Failure ra te  and repair time 
estimates have been established for  every identified support equipment 
used during the terminal portion of the countdown. These values, appli- 
cable to launch support systems and subsystems, are documented in 
Volume 11. 
